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Three field tests were conducted in which fresh lodgepole pine (Pinus contorta Douglas 
var. latifolia Engl.) material, namely bolts with and without bark, bark only, and freshly 
tapped resin, were placed in beetle-excluding "greenhouse" cages; empty cages served 
as controls. Two "window" flight traps per cage, at right angles to each other, caught 
mountain pine beetles (Dendroctonus ponderosae Hopkins) arriving at the cages. Sig- 
nificantly more mountain pine beetles were trapped at cages baited with bolts and wood 
only than at empty control cages. Primary attraction in the mountain pine beetle is thus 
established, in the absence of pheromones and normal visual cues (tree stem silhouette). 
More beetles were trapped at cages baited with bark only and with resin than at empty 
control cages, but differences were not significant at p = 0.05. The sex ratio of trapped 
beetles (4.83 females : 1 male) was more than twice as high as the reported sex ratios 
of free-flying and emerging beetles. 

Moeck, H.A., et C.S. Simmons. 1991. Attirance primaire du dendroctone du pin ponderosa, 
Dendroctonus ponderosae Hopk. (Coleoptera: Scolytidae), aux fagots du pin tordu. Can. 
Ent. 123: 299-304. 

Trois essais sur le terrain ont Cte conduits auxquels ont CtC placCs dans les cages de 
"serres" a l'tpreuve d'adultes les fagots du pin tordu frais (Pinus contorta Douglas 
var. latifolia Engl.) avec et sans Ccorce; 1'Ccorce seule; ou de la rCsine fraichement 
gemmCe. Les cages vides ont semi comme thoins.  Deux pittges de vol avec "fenCtres" 
par cage, a angle droit I'un de I'autre, ont attrap6 les dendroctones adultes (Dendroc- 
tonus ponderosae Hopkins) a leur arrivee aux cages. Significativement plus de den- 
droctones du pin ponderosa ont CtC pris par les cages avec les appdts des fagots et du 
bois, seuls, que par les cages vides thoins. L'attirance primaire au dendroctone du 
pin ponderosa est donc Ctablie, dans I'absence des pheromones et des signaux visuels 
normaux (la silhouette du tronc d'arbre). Les cages ayant des appdts d'tcorce seulement 
ou de resine ont attrap6 davantage d'adultes que les cage vides tkmoins, mais les dif- 
fCrences n'ont pas CtC significatives a p  =0.05. Le rapport sexuel des adultes pris (4,83 
femelles : 1 mile) a CtC deux fois plus ClevC que les rapports sexuels signalCs pour les 
adultes en libre vol et pour les adultes en Cclosion. 

Introduction 
The manner in which Dendroctonus beetles (Coleoptera: Scolytidae) select hosts for 

colonization has been a matter of debate for many years (Wood 1972, 1982). Searching 
beetles apparently discriminate not only on the basis of tree species (or group of species), 
but also on the physiological condition of individual trees that enables the beetles to estab- 
lish their brood galleries successfully. In the concentration phase, the beetles are aided by 
a chemical communication system that quickly attracts large numbers of conspecifics to 
the tree under attack, as well as by symbiotic microorganisms that invade and kill the tree 
tissues. These two factors are necessary to overcome tree resistance, as expressed by 
resinosis, when it occurs (review in Wood 1972). The contentious issue is whether the 
beetles that attack the tree first anived on the host tree through directed movement from 
a distance by attraction to volatiles produced by the tree (primary attraction), or by visual 
orientation and random landing, followed by discrimination of tree species and condition 
using other sensory cues (e.g. gustation). Primary attraction has been established in 
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D. pseudotsugae Hopkins (Chapman 1964; Jantz and Rudinsky 1966), and in D. rufipennis 
(Kirby) (Moeck 1978), whereas D. brevicomis LeConte apparently does not discriminate 
tree species or condition prior to landing (Moeck et al. 1981). 

Host selection by the mountain pine beetle, D. ponderosae Hopkins, has been the 
subject of several studies (see review in Amman and Cole 1983). Renwick and Vit6 (1970) 
stated that resin was probably responsible for the initial host selection, as a few females 
appeared to be attracted or arrested by alpha-pinene alone; no data were given. In labo- 
ratory olfactometer tests, both Peterman (1974) and Syed (1972) obtained strong positive 
responses of D. ponderosae to volatile extracts of lodgepole (Pinus contorta Dougl.), 
ponderosa (P. ponderosa Laws.), and western white (P. monticola Dougl.) pines; Conn 
(1981) found significant positive responses of male D. ponderosae to the monoterpenes 
alpha-pinene and delta-3-carene, and nonsignificantly higher responses of females to alpha- 
pinene than to pentane. In an arrestment chamber (illustrated in Merrifield 1972), flying 
D. ponderosae stopped flying when presented with the odors of the terpenes myrcene, 
beta-pinene, limonene, and delta-3-carene, but not by alpha-pinene and carnphene 
(Merrifield 1972). Both sexes of D. ponderosae gave electroantennogram responses to the 
terpenes alpha-pinene, beta-pinene, carnphene, delta-3-carene, limonene, and myrcene 
(Whitehead 1986). These laboratory tests showed that mountain pine beetles were capable 
of detecting and responding to whole extracts as well as some rnonoterpene components 
of host trees. 

In four field tests, Libbey et al. (1985) caught from 2.4- to 4.8-fold as many beetles 
in traps baited with a 1: 1 mixture of alpha-pinene and myrcene as in unbaited traps; these 
trap catches were not tested statistically for significance. 

From field studies involving trees, Gara et al. (1984) concluded that mountain pine 
beetles landed preferentially on lodgepole pines that had fire scars and decay; such trees 
were killed by the beetles more frequently than unscarred trees. However, because their 
method did not involve mechanical exclusion of arriving beetles, they could not be certain 
that pheromone-producing beetles were not present on trees on which the landing rates 
were determined. It is difficult to detect the first beetles to attack a tree (see Heikkenen 
1977, and subsequent criticism by Brown and Franklin 1977). Goheen et al. (1985) cap- 
tured larger numbers of D. ponderosae on root-diseased [Verticicladiella wagenerii Kendr., 
currently called Leptographium wageneri var. ponderosum (Harrington and Cobb) 
(Harrington and Cobb 1988)l ponderosa pines than on apparently healthy ones, possibly 
indicating attraction to diseased trees. They acknowledged, however, that the increased 
landing rates may have been due to undetected attacks on the study trees. In the study by 
Moeck et al. (1981), under conditions of low population level of mountain pine beetle in 
the test area, mountain pine beetles landed at nonsignificantly higher rates. on unscreened 
and screened root-diseased (V. wagenerii) ponderosa pines than on unscreened healthy 
trees @=0.088 and 0.061 for males and females, respectively), suggesting a possible 
attraction to the diseased trees. On the other hand, Hynum and Berryman (1980) concluded 
that D. ponderosae is not attracted to lodgepole pine prior to the first gallery start, as 
landing rates were similar on living hosts, dead hosts, and nonhosts [Douglas-fir, Pseu- 
dotsuga menziesii (Mirb.) Franco] . 

Three criteria have to be met for a field test to show conclusively whether primary 
attraction is a factor in host selection by bark beetles: (1) pheromone-producing beetles 
must be excluded from the test area; (2) host material or trees must be suitable for suc- 
cessful colonization by the bark beetle species during the test period; and (3) a beetle 
population must be present in sufficient density to allow statistical tests to show significant 
differences between the relatively small catches of beetles resulting from the low levels of 
attractiveness characteristic of host-produced volatiles. 

With the above criteria in mind, field tests for the primary attraction of mountain pine 
beetle to lodgepole pine material were designed. 
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Materials and Methods 
The three field experiments were conducted approximately 7 krn NE of Riske Creek, 

B .C., in a grove of lodgepole pine, P. contorta Douglas var. laaifolia Engl., bordered by 
aspen, Populus trernuloides Michx., and surrounded by grassy terrain. Mountain pine 
beetle had been at high levels in the area for several years but populations were declining 
during the years of our tests. 

Experiment 1. On 17 July 1980, six "greenhouse" cages (Chapman 1966; Moeck 1978), 
76 by 76 by 72 cm high, were assembled on site and placed approximately 10 m apart 
roughly parallel to the stand edge, and only among the aspen bordering the lodgepole pine. 
Two lodgepole pines, approximately 20 cm in diameter at 1.3 m bole height, were felled 
nearby (at least 40 m from the nearest cage) and cut into bolts 60 cm long. Five or six 
bolts were placed into each of five cages, which were then secured to prevent bark beetle 
entry. The sixth cage, randomly selected, served as an empty control. Two window flight 
traps, each 30 cm on a side (Chapman and Kinghorn 1955), were placed at right angles 
to each other on top of each cage. Trapped insects were collected on 21, 22, 23, 24, 29, 
3 1 July and 5 August. On the last date the cages were opened and all the bark was removed 
from the bolts to verify that no bark beetles had initiated galleries. On 23 July the stumps, 
butt bolts, and crowns of the two felled pines were checked for mountain pine beetle attack, 
to confirm that the bolts in the cages came from host material that was suitable for colo- 
nization by this bark beetle species. 

Experiment 2. On 16 July 1981, 12 "greenhouse" cages, 76 by 76 by 69 cm high, were 
assembled on site and placed approximately 15 m apart, in a random pattern, among the 
aspen bordering the pine. There were a few unattacked lodgepole pines nearby, but none 
within 5 m of any cage. Twenty bolts, each 60 cm long, were cut from freshly felled 
unattacked lodgepole pines, and stripped of their bark (in most cases the bark peeled off 
as a single piece). On a random basis, four bark-free bolts were placed into each of five 
cages, rolls of bark from four bolts were placed into each of five cages, and two cages 
were left as empty controls. The cages were then secured to prevent bark beetle entry, and 
provided with window traps as described above. Trapped insects were collected on 22 and 
27 July. 

Experiment 3. On 27 July 1981, the 12 cages from Experiment 2 were left in place, and 
the cage contents replaced as follows: four lodgepole pine bolts from freshly felled unat- 
tacked lodgepole pines were placed into each of five randomly chosen cages, approxi- 
mately 5 mL of freshly tapped lodgepole pine resin in 5-cm plastic Petri plates was placed 
into each of five randomly chosen cages, and the two remaining cages were left empty as 
controls. The cages were then secured to prevent bark beetle entry, and provided with 
window traps as described above. Trapped insects were collected on 29 July, 7 and 
10 August. At the conclusion of the experiment the cages were opened and the pine bolts 
were stripped of their bark to verify the absence of attacking beetles. 

Analysis. The data, i.e. counts of insects, contained many zeroes, and the trapping inter- 
vals contained variable numbers of days. Most statistical analyses were of counts totaled 
over the whole trapping period for each experiment. However, in Experiment 1, which 
had the most trapping intervals (seven), the counts for the individual intervals were con- 
verted to insects per day and analyzed. The statistical method used predominantly was the 
nonparametric randomization test for two independent samples (Siege1 1956), as a one- 
tailed test where there was an hypothesis that one particular count would be higher than 
the other, but as a two-tailed test where there was no such hypothesis. A chi-square test 
of independence was used to compare sex ratios (Steel and Tome 1960). 
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Results 
The stumps, butt bolts, and in some cases the crown portions of the boles of the 

felled pines that served as the source of bolts for the experiments were attacked by mountain 
pine beetle while the experiments were in progress, indicating that the host material placed 
in the cages was suitable for colonization. Mountain pine beetle will readily attack felled 
trees and logs, not only of ponderosa pine (Amman 1983; Blackman 1931), but also 
lodgepole pine (Richmond 1933; Shepherd 1960; Reid 1960; unpublished data). Further, 
the bolts in the cages were free of attacking beetles, as determined by stripping the bark 
from the bolts after the experiments ended, thus eliminating the possibility that mountain 
pine beetle pheromones were involved in attracting any of the beetles trapped. 

Experiment 1. A total of 32 male and 107 female mountain pine beetles were trapped at 
the five cages baited with pine bolts, whereas no beetles were trapped at the empty control 
cage. Using beetle counts per day for the individual trapping intervals with sexes com- 
bined, each bolt-baited trap caught significantly more beetles per day than the unbaited 
control trap (p = 0.035,0.002,0.035,0.002, and 0.010, respectively, for the five cages). 
Using total counts for each trap, significantly more females than males were caught 
(p = 0.008 excluding the control, at which no beetles were trapped). 

Experiment 2. Totals of eight male and 54 female mountain pine beetles were trapped at 
the five cages containing wood only, five female beetles were trapped at the five cages 
containing bark (two and three beetles at two traps), and no beetles were trapped at the 
two empty control cages. Using total counts with sexes combined, wood-baited and bark- 
baited traps caught significantly different numbers of beetles @ = 0.008), and wood-baited 
traps caught significantly more beetles per trap than unbaited control traps (p = 0.048), 
whereas bark-baited traps caught nonsignificantly more beetles per trap than unbaited con- 
trols (p=0.476). Significantly more females than males were caught in baited traps 
(p = 0.008) due to a significant sex difference found in wood-baited traps (p = 0.004). A 
significant difference was not found in bark-baited traps (p = 0.222). 

Because the bark appeared to dry out rapidly, and may not have been attractive after 
the first trapping interval (only one female beetle was trapped from 23 to 27 July at the 
bark-baited traps, and the wood-baited traps caught only three females), the counts for the 
first trapping interval, totaling 63 beetles, were analyzed separately. Wood and bark-baited 
traps caught significantly different numbers of beetles (combined sexes) per trap (p = 0.008, 
wood-baited caught more), and wood-baited traps caught significantly more beetles than 
control traps (p =0.048). Also, wood-baited and bark-baited traps caught significantly 
different numbers of males (p = 0.048, wood-baited caught more) and females (p = 0.008, 
wood-baited caught more). Wood-baited traps caught more females than unbaited control 
traps (p=0.048). Within periods and sexes, no other differences were significant at 
p=0.05. 

Experiment 3. Totals of one male and 27 female mountain pine beetles were trapped at 
the bolt-baited traps, a total of five female beetles were trapped at the cages baited with 
resin, and no beetles were trapped at the empty control cages. Using whole-period counts 
with sexes combined, bolt- and resin-baited traps caught significantly different numbers 
of beetles per trap (p = 0.008, bolts caught more), and bolt-baited traps caught more beetles 
than unbaited control traps (p = 0.048), whereas resin-baited traps caught nonsignificantly 
more beetles per trap than the controls (p = 0.286). Significantly more females than males 
were caught in baited traps @=0.001) and in bolt-baited traps (p=0.004), but not in 
resin-baited traps (p = 0.083). 

The sex ratio of all beetles trapped (n = 239) was 4.83 females to 1 male. Beetles 
caught at bolts and wood did not have significantly different sex ratios (p = 0.229), and 
the counts for bark and resin were identical (five females and no males each). Sex ratios 
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of beetles caught at bolts and wood combined were not significantly different from those 
found at bark and resin combined @ = 0.142). 

Discussion and Conclusions 
In all three experiments significantly more mountain pine beetles were trapped at 

cages baited with fresh lodgepole pine bolts or wood than at unbaited cages, indicating 
that these beetles were attracted to the odors of the host material in the absence of normal 
visual cues or mountain pine beetle pheromones. The existence of primary attraction capa- 
bility in this bark beetle species is thus established. The nature and specific source of the 
host odors responsible for attracting the beetles, however, has not been established. The 
capture of a few female beetles at the cages baited with lodgepole pine resin suggests that 
this material or its auto-oxidation products may be involved. 

The overall sex ratio of 4.83 females to 1 male is more than twice as high @ = 0.001) 
as the ratio of 2.22 females to 1 male (n = 193) of free-flying beetles caught in passive 
barrier traps in 1985 (L. Safranyik, Pacific Forestry Centre, personal communication). 
and is more than twice as high (p  = 0.000) as the ratio of 2.07 females to 1 male of beetles 
emerging from infested lodgepole pines in 1982 (Safranyik and Linton 1985); this suggests 
that the females, the first-attacking sex in this genus, are more responsive to host odors 
than the males. The results reported by Safranyik (personal communication) and Safranyik 
and Linton (1985) were obtained in different years but at nearby sites. 

Because other experiments have shown that mountain pine beetles will land on dead 
hosts and on nonhosts, as well as on hosts that do not become attacked, the need for an 
odor-directed response to host material suitable for colonization is not absolute; random 
landing will eventually bring beetles to such material. However, there probably is a survival 
advantage in a behavior that reduces the time period that a beetle searching for a suitable 
host spends in an environment where it is more subject to predation by such organisms as 
birds and spiders. Also, it lowers the likelilhood of depletion of energy reserves (Wood 
1982). Gries et al. (1989) have shown in a computer simulation that the host-finding and 
reproductive success of Ips typographus (L,.), under conditions of upwind search with 
primary attraction, is 27-fold greater than in random search alone. Primary attraction in 
I. typographus, which is ecologicaly similar to D. ponderosae, has been demonstrated by 
Rudinsky et al. (1971). 
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